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SYNCHRONOUS REGULATION CIRCUIT 
AND METHOD FOR PROVIDING 

SYNCHRONOUS REGULATION FOR POWER 
CONVERTERS 

BACKGROUND OF THE INVENTION 

1. Field of Invention 
The present invention relates to power converters, and 

more particularly, to the control of power converters. 
2. Description of Related Art 
An o?lline power converter includes a power transformer is 

to provide isolation from AC line input to the output of the 
power converter for safety. In recent development, using soft 
switching topologies in the primary side of the transformer 
and applying the synchronous recti?er in the secondary side 
of the transformer are to reach a higher e?iciency conversion 
for power converters. Among them, the full-bridge quasi 
resonant ZVS techniques are described in “Constant fre 
quency resonant power converter with Zero voltage switch 
ing” by Christopher, P. HenZe, et al, US. Pat. No. 4,855,888; 
“Soft-switching PWM converters” by Guichao C. Hua and 
Fred C. Lee, US. Pat. No. 5,442,540; “Zero switching power 
converter operable as asymmetrical full-bridge converter” by 
Yang, et al, US. Pat. No. 6,744,649. The drawback of fore 
going power converters is that the pulse width of the switch 
ing signal is too short to achieve the soft switching at light 
load. The insu?icient circular power causes hard switching 
and low e?iciency. Equip the synchronous recti?er at the 
secondary side of the transformer to reduce the power loss of 
the diode. The detail operation of the synchronous rectifying 
can be found in a prior art of “Control circuit associated with 
saturable inductor operated as synchronous recti?er forward 
power converter” byYang, US. Pat. No. 7,173,835. However, 
extra devices such as saturable inductors and current-sense 
resistor cause additional power consumptions. The object of 
present invention is to integrate the synchronous rectifying 
circuit with the regulation circuit to achieve higher ef?ciency. 
No further switching stage is needed. The primary-side 
switching circuit, the secondary-side synchronous recti?er 
and the regulation circuit achieve high e?iciency power con 
version from no load to full load. 

SUMMARY OF THE INVENTION 

A synchronous regulation circuit is developed to improve 
the e?iciency of the power converter. It includes a primary 
side switching circuit, a secondary-side switching circuit, a 
synchronous switch and a ?yback switch. The primary-side 
switching circuit generates a switching signal and a synchro 
nous signal. The switching signal is coupled to switch a 
transformer. The synchronous signal is coupled from the pri 
mary-side switching circuit to the secondary-side switching 
circuit through an isolation device. The secondary-side 
switching circuit is coupled to the output of the power con 
ver‘ter to generate a pulse signal in response to the synchro 
nous signal and a feedback signal. The feedback signal is 
correlated to the output of the power converter. The pulse 
signal is generated for the rectifying and the regulating of the 
power converter. The synchronous switch includes a power 
switch and a control circuit. The power switch is coupled in 
between the secondary side of the transformer and the output 
of the power converter. The control circuit is operated to 
receive the pulse signal for turning on/off the power switch. 
The polarity of the pulse signal determines the on/off the 
power switch. The ?yback switch is connected to the syn 
chronous switch and the ground of the output of the power 
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2 
converter. The ?yback switch is turned on in response to the 
off of the power switch. The on time of ?yback switch is 
programmable and is correlated to the on time of the power 
switch. 

BRIEF DESCRIPTION OF ACCOMPANIED 
DRAWINGS 

The accompanying drawings are included to provide a 
further understanding of the present invention, and are incor 
porated in and constitute a part of this speci?cation. The 
drawings illustrate embodiments of the present invention and, 
together with the description, serve to explain the principles 
of the present invention. In the drawings, 

FIG. 1 is a preferred embodiment of a power converter 
having a synchronous regulation circuit according to the 
present invention. 

FIG. 2 shows soft switching signal waveforms according to 
the present invention. 

FIG. 3 is the circuit schematic of a primary-side switching 
circuit according to the present invention. 

FIG. 4 is the circuit schematic of an oscillation circuit of the 
primary-side switching circuit according to the present inven 
tion. 

FIG. 5 shows switching signal and oscillation signal wave 
forms according to the present invention. 

FIG. 6 shows switching signal and synchronous signal 
waveforms according to the present invention. 

FIG. 7 is the circuit schematic of a secondary-side switch 
ing circuit according to the present invention. 

FIG. 8 is the circuit schematic of a ramp circuit according 
to the present invention. 

FIG. 9 is the circuit schematic of a pulse signal generator 
according to the present invention. 

FIG. 10 is the circuit schematic of an ampli?cation circuit 
according to the present invention. 

FIG. 11 is the circuit schematic of a linear-predict circuit 
according to the present invention. 

FIG. 12 shows switching signals, synchronous signals, 
pulse signals and a drive signal waveforms according to the 
present invention. 

FIG. 13 is the circuit schematic of a synchronous switch 
according to the present invention. 

FIG. 14 is the circuit schematic of a preferred embodiment 
of a control circuit of the synchronous switch according to the 
present invention. 

FIG. 15 is the circuit schematic of a one-shot signal gen 
erator according to the present invention. 

FIG. 16 is the circuit schematic of a maXimum-on-time 
(MOT) circuit according to the present invention. 

FIG. 17 shows a preferred embodiment of a power con 
ver‘ter with synchronous regulation circuit according to the 
present invention, in which a pulse transformer is operated as 
the isolation device. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

FIG. 1 shows a preferred power converter with synchro 
nous regulation circuit. The power converter includes a trans 
former 10 having a primary side and a secondary side. At the 
primary side, a primary winding NP of the transformer 10 is 
connected to four power switches 20, 25 and 30, 35 for 
switching the transformer 10. The power switches 20, 30 are 
coupled to an input voltage VIN. The power switches 25, 35 
are coupled to the ground. A primary-side switching circuit 
40 generates switching signals A, B, C, D and synchronous 
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signals XP/XN. Switching signals A, B, C, D are coupled to 
switch the primary winding NP of the transformer 10. The 
secondary side of the transformer 10 includes a ?rst second 
ary winding NS1 and a second secondary winding N52. 
Switching voltages are produced across the secondary wind 
ings NS1 and NS2 in response to the switching of the trans 
former 10. 
A ?rst synchronous switch 51 has a terminal K connected 

to the ?rst secondary winding NSl. The terminal G of the ?rst 
synchronous switch 51 is connected to the ground of the 
output terminal of the power converter. A power source VCC 
is coupled to the ?rst synchronous switch 51. The terminal K 
of a second synchronous switch 52 is connected to the second 
secondary winding NS2. The terminal G of the second syn 
chronous switch 52 is also connected to the ground of the 
output terminal of the power converter. The power source 
VCC is coupled to the second synchronous switch 52. The 
synchronous switch, such as the synchronous switches 51 and 
52, include a power switch and a control circuit. The power 
switch is coupled in between the terminal K and the terminal 
G. The control circuits of the synchronous switches 51 and 52 
are operated to receive pulse signals S Pl/ S M or S P2/ SN2 
respectively to generate pulse signals WP/WN for turning 
on/off the power switches of the synchronous switches 51 and 
52. 

The ?rst synchronous switch 51 is coupled to a secondary 
side switching circuit 100 to receive the pulse signals SP1/ SNl 
from the terminals S P1 and SM, and generate pulse signals 
W P/ WN at the terminal WP and WN. The second synchronous 
switch 52 is also connected to the secondary-side switching 
circuit 100 to receive the pulse signals S P2/ S N2 from the 
terminal SP2 and SN2, and generate pulse signals WP/WN at 
the terminal WP and WN. The secondary-side switching cir 
cuit 100 is coupled to the output terminal of the power con 
ver‘ter to generate the pulse signals S PI/SNl and S P2/ SN2 in 
response to synchronous signalsYP/YN and a feedback signal 
F3 from a terminal PB. The feedback signal F3 is coupled to 
the output terminal of the power converter via resistors 91 and 
92. The feedback signal F3 is thus correlated to the output 
voltage V0 of the power converter. An output capacitor 85 is 
coupled to the output terminal of the power converter and the 
ground. Synchronous signals YP/YN are generated by the 
synchronous signals X P/XN via isolation devices, such as 
capacitors 45, 46. Capacitors 45 and 46 are coupled from the 
primary-side switching circuit 40 to the secondary-side 
switching circuit 100. Pulse signals SPl/SNl and SP2/SN2 are 
thus generated for rectifying and regulating of the power 
converter. The polarity of the pulse signals S Pl/ S M and S P2/ 
S N2 determine the on/off of power switches. 
An inductor 80 is coupled from the ?rst secondary winding 

N S1 and the second secondary winding N S2 to the output V0 of 
the power converter. A ?yback switch 70 is coupled to the 
synchronous switches 51 and 52 through the secondary wind 
ings N S1 and N S2 respectively. The ?yback switch 70 is further 
connected to the ground of the output terminal of the power 
converter to freewheel the switching current of the inductor 
80. The ?yback switch 70 is also coupled to the power switch 
and the output of the power converter. A terminal SB of the 
secondary-side switching circuit 100 generates a drive signal 
S B to control the ?yback switch 70. The ?yback switch 70 is 
turned on in response to the off of the power switch. The on 
time of the ?yback switch 70 is programmable and correlated 
to the on time of the power switch. 

Furthermore, the secondary-side switching circuit 100 
generates a light-load signal 1LT coupled to an optical coupler 
99 (99a). The optical coupler 99 (99b) produces an on/off 
signal S LTcoupled to the primary-side switching circuit 40 to 
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4 
disable switching signals A, B and synchronous signals 
X P/XN during the light load of the power converter in 
response to the light-load signal 1LT. The light-load signal 1LT 
is used for power saving and the output voltage regulation. A 
capacitor 93 is connected to an output terminal COM of the 
secondary-side switching circuit 100 for the loop compensa 
tion. A capacitor 96 is coupled to a terminal SS of the sec 
ondary-side switching circuit 100 for the soft start. A resistor 
95 is coupled to a terminal RP of the secondary-side switch 
ing circuit 100 to program the on time of the ?yback switch 
7 0. 

FIG. 2 shows waveforms of the switching signals A, B, C, 
D. Referring FIG. 1 and FIG. 2 together. The T 1 stage shows 
the switching signal D is turned on after a delay time T D once 
the switching signal A is turned off. The circular current 
produced by the leakage inductance L H of the primary wind 
ing NP of the transformer 10 will turn a diode 36 on, which 
will result a soft switching on the power switch 35. The 
leakage inductance L H and the parasitic capacitance C Jof the 
power switches 20,30,35,25 form a resonant tank. Its resonant 
frequency is 

l (l) 

ZM/LPLXCJ 
FR: 

The delay time T D is used to achieve the phase shift for soft 
switching is given by, 

TDIl/(4XFR) (2) 

The switching signal C is turned off at T2 stage. The switching 
signal B is turned on after another delay time T D, therefore the 
power switch 30 can achieve soft switching after the diode 31 
is turned on (T3 stage). The T5 stage shows the switching 
signal C is turned on after the delay time T D once the switch 
ing signal B is turned off. The circular current will turn on a 
diode 26 before switching on the power switch 25. The 
switching signal D is turned off at T6 stage. The switching 
signal A is turned on after the delay time TD, therefore the 
power switch 20 can achieve soft switching after the diode 21 
is turned on (T7 stage). 

FIG. 3 is the circuit schematic of the primary-side switch 
ing circuit 40. An oscillation circuit 450 generates oscillation 
signals PS1, PS2 and PS3. The oscillation signal PS1 is con 
nected to a T-?ip-?op 410 for the divide-by-two. The output 
terminals Q and /Q of the T-?ip-?op 410 are connected to 
AND gates 420 and 421 to generate switching signals A and 
B respectively. Another input terminals of the AND gates 420 
and 421 are coupled to the oscillation signal PSl through a 
NOR gate 436. An output terminal of the NOR gate 436 is 
coupled to the input terminals of the AND gates 420 and 421. 
An input terminal of the NOR gate 436 is coupled to the 
oscillation signal PS1. The oscillation signal PSl limits the 
maximum on time of switching signals A and B. The oscilla 
tion signal P S2 is connected to enable D-?ip-?ops 411 and 412 
via an inverter 432. The input terminals D of the D-?ip-?ops 
411 and 412 are respectively connected to the output termi 
nals Q and /Q of the T-?ip-?op 410. 
The output terminal Q of the D-?ip-?op 411 generates the 

switching signal C. The output terminal Q of the D-?ip-?op 
412 produces the switching signal D. The oscillation signal 
P S3 is coupled to reset the D-?ip-?op 411 through an inverter 
431 and an OR gate 433. An output terminal of the OR gate 
433 is coupled to a reset input terminal R of the D-?ip-?op 
411. The inverter 431 is coupled between the oscillation sig 
nal PS3 and an input terminal of the OR gate 433. Another 












